1. The distribution of iron in 58Fe-labelled pigeon (Columba L.) leg and breast muscle and liver were determined by gel filtration. While the insoluble Fe was between 14 and 25% of the total Fe from the tissues, the haem-Fe represented 79.1 % (breast) to 45% (liver) of the total Fe and ferritin was between 5.5% (breast) and 26.5% (liver) of the total Fe.
gradual addition of solid sodium bicarbonate (Fisons Chemical Co., Loughborough, Leics) and constant stirring. Further 5.0 ml duplicate samples were taken after this neutralization procedure. Pancreatin-bile extract (5 ml; 4 g pancreatin; Organon) and 25 g bile extract (porcine dispersed in 1 litre 0.1 M-sodium bicarbonate; Sigma Chemical Co.) were added to the digestion medium and the pH was maintained at 7 by the pH-stat equipment (Radiometer, Copenhagen) . This usually involved the addition of variable quantities of 0.1 M-HCI to counter a rise in pH resulting from digestion. The digests at the different digestion stages were centrifuged at 8000 g and the supernatant fractions analysed for 59Fe activity by duplicate counting in the gamma counter.
In vivo absorption of 59Fe
Fe-replete male Wistar rats weighing about 250 g and caged in groups of four were used in the present study. Laboratory chow (Fe content 309mg/kg) was removed from the animals overnight and the following morning 5-ml portions of pigeon test meals (prepared as described by Bogunjoko et al. (1983) ) were given intra-gastrically by oral intubation. Rats were killed by a sharp blow on the head and cervical dislocation at 120 min after dosing. The abdominal cavity was opened and ligatures were placed at the gastro-oesophageal and ileo-caecal positions. Segments of the gastrointestinal tract and their contents were estimated for 59Fe activity by removing the stomach, small intestine and colon and carefully washing out the contents into 5-ml counting vials. The remaining gut segments were counted in 5-ml counting vials. 5gFe absorption was calculated as the difference between the 59Fe activity administered and the 59Fe activity recovered in the gut wall and gut contents.
Composition of test meals
Based on the total Fe determinations of labelled pigeon tissues, test meals containing 8 ,ug Fe/ml were prepared as follows: (1) raw whole meat slurry was prepared by homogenizing a known weight of whole pigeon breast meat in distilled water; (2) cooked whole pigeon meat was obtained by heating a known weight of pigeon meat in distilled water at 90" for 30 min and then homogenizing; (3) raw pigeon meat soluble extract was prepared by homogenizing a known weight of pigeon meat in distilled water and centrifuging the slurry at 8000 g for 15 min; (4) cooked pigeon meat extract was prepared by heating the soluble extract obtained as for test meal 3 to 90" for 30 min and rehomogenizing; (5) raw pigeon insoluble residue was prepared by the same extraction procedure as in test meal 3 and a known weight of the insoluble residue was re-homogenized in distilled water; (6) cooked pigeon insoluble residue was prepared by cooking the weighed extracted residue (test meal 3) in distilled water for 30 min at 90" followed by homogenization; (7) pigeon meat haemoproteins were prepared by following the extraction procedure as for test meal 3; the soluble extract was heated in a water bath at 90" for 30 min to precipitate the haemoproteins and, after cooking, the heat coagulum (haemoproteins) was rehomogenized in distilled water at the correct Fe level; (8) muscle ferritin was assumed to be present in the supernatant fraction after the heat precipitation of the haemoproteins from the soluble extract. The low-molecular-weight Fe compounds were removed from this solution by dialysis against ten times its volume of distilled water with stirring for 72 h at 3", water being changed every 2 h; the retentate was regarded as ferritin; (9 and 10) raw and cooked liver meals were prepared in the same way as for test meals 1 and 2 for pigeon whole meat.
Statistics
Statistical analysis of in vitro and in vivo results were performed using the Student's t test and P values < 0.05 were considered to be significant. 
RESULTS

The amount and distribution of Fe in pigeon tissues
The chemical and radioactive values are shown in Table 1 . The Fe content of pigeon breast muscle was higher than that of leg muscle. This is opposite to the finding with chicken, where leg Fe was higher than breast Fe (Bogunjoko et al. 1983) . Liver Fe levels were, however, similar to those of chicken.
Fractionation of the 59Fe-labelled compounds in pigeon tissues
A very high percentage of the total Fe in pigeon tissues was extracted into the phosphate buffer at pH 7, values being 85.3, 82.7 and 75.1 from the breast, leg and liver samples respectively. The concentrated soluble extract from these tissues, fractionated on Sephacryl S-300, separated into four radioactive peaks. The elution volumes of these 59Fe peaks corresponded to the molecular weights of the Fe compounds ferritin, haemoglobin and myoglobin while the last peak mainly consisted of low-molecular-weight Fe complexes. The two intermediate peaks, haemoglobin and myoglobin, also absorbed strongly in the soret region as is characteristic of the haemoproteins.
The distribution of the Fe compounds estimated chemically and by radioactive analysis is shown in Table 2 . While the insoluble Fe was between 14 and 25% of the total Fe from the tissues, the haem-Fe accounted for 79.1 % (breast) to 45% (liver) of total Fe and ferritin was between 5.8 and 26.5% (liver) of the total Fe. The total haem-Fe concentration in the tissues estimated by determining the non-haem-Fe content (Schricker et al. 1982 ) was lower (Table 3) than when estimated by the gel-filtration procedure.
In vitro solubility and effects of digestion of raw and cooked pigeon meat on 59Fe solubility
A simulated physiological digestion procedure gave values for 59Fe solubility from raw and cooked pigeon meat as shown in Table 4 . Cooking significantly (P < 0.01) decreased the percentage soluble 59Fe after water extraction and at all stages of the in vitro digestion procedure for both meat samples. However, neutralization with NaHCO, resulted in significantly reduced soluble 59Fe which was no doubt due to the precipitation of the acid-denatured protein, haematin compounds and possibly Fe hydroxides. The soluble 59Fe then increased with continued digestion, probably as a result of the enzymic breakdown of the precipitated haemoproteins and their resolubilization and also by the formation of low-molecular-weight soluble Fe chelates with the protein-digestion products of meat. This was demonstrated by analysis of the absorption spectra of the raw pigeon-meat supernatant fractions at the various stages of the in vitro digestion, which showed the stepwise loss of haem character (Fig. 1) . The undigested extract exhibited a distinct soret peak at about 410 nm, characteristic of the haemoproteins. On peptic digestion, the height of this peak was reduced. Ledward (1974) reported that this decreased soret absorption corresponds to decreased haematin-protein interaction and the formation of unbound haematin. On neutralization, the precipitation of the haemoproteins also led to the decreased height of the peak. However, continued pancreatic digestion led to the degradation of the precipitated haemoproteins and their resolubilization ; hence the reason for the observed initial increase in the height of the soret peak. However, further degradation of the haem compounds due to digestion led to increasing loss of haematin character.
In vivo absorption of raw and cooked pigeon meat and meal fractions
The in vitro results of 59Fe solubility were extended to in vivo 5sFe absorption studies in Fe-replete rats that were intragastrically dosed with the different test meals. These absorption results are shown in Table 5 . Cooking significantly (P < 0.01) reduced the absorption of pigeon whole meat 59Fe. Since the pigeon-meat soluble extract predominantly consisted of haemoproteins, it was not surprising that its absorption was also reduced by cooking. In a similar manner the heat applied during the fractionation of the haemoproteins from the other soluble Fe compounds was probably responsible for its low absorption. The absorption from cooked liver (1 6.7 % ) was slightly higher than that from raw liver (1 3.9 % ).
This was, however, not statistically significant (P > 0.05). The absorption of 59Fe from ferritin was very low, probably because it is a high-molecular-weight non-haem-Fe compound and was given in the absence of extra meat protein.
DISCUSSION
The concept of availability and the techniques being used to measure availability are the subjects of current debate. The term 'availability' has been used as synonymous with absorption (true and apparent), retention and utilization and incorporation into biologically active compounds. Most workers define availability as the proportion of a nutrient in a food which is absorbed and utilized (O'Dell, 1984) but others (Hallberg, 1986; Suttle, 1986) recognize availability as primarily the proportion of nutrient which is absorbed. The work described in this paper equates available Fe with absorbable Fe and while in some cases the short-term measurement of absorption (1-4 h) may agree with longer-term measurements of retention (Bogunjoko et al. 1983) , in others, such as in the Fe-deficient rat, it does not.
The studies reported in the present paper are an extension of earlier studies by Bogunjoko et al. (1983) using rats, on Fe absorption and availability from chicken meat, a white meat, low in haemoproteins and total Fe. The total Fe in the pigeon meat used in the present study was significantly lower than the value of 19.4mg/kg for roasted pigeon (Paul & Southgate, 1978) but was three to four times greater than the chicken Fe level reported earlier. The high Fe level was associated with a very high haemoprotein concentration, well above the levels found in more commonly consumed red meats (Hazell, 1982) . The variation in Fe and haemoprotein concentration between different animals and tissues is influenced by the level of activity (Lawrie, 1950) , age or weight of the animal (Ledward & Shorthouse, 1971) , the Fe concentration in the diet (Macdoughall et al. 1973 ) and the extent of bleeding after slaughter.
The observation of increased non-haem-Fe concentration in pigeon tissues when estimated by the Schricker el al. (1982) method was similar to the results of Chen et aZ. (1984) . The non-haem-Fe concentration of beef was found to be higher when determined by this method than by alternative methods of chelating non-haem-Fe with EDTA followed "* I by precipitation with TCA or acetone. It has, however, been suggested that the increase in non-haem-Fe concentration was due to the heat applied during the analysis which could lead to the release of Fe from the haem complex by oxidative cleavage of the porphyrin ring (Schricker et al. 1982) .
During the digestion of meat, the haemoproteins are degraded to a series of lowermolecular-weight Fe compounds consisting of haematin and non-haematin complexes, which are very readily absorbed in vivo (Hazell et al. 1978) . The extent of meat Fe degradation to low-molecular-weight non-haematin compounds could, however, be influenced by the meat types as well as the time of digestion.
In these studies test meals were formulated to provide equal Fe contents (i.e. 40 yg) but inevitably in doing so protein contents would have been markedly different as would amino acid concentrations. Although these were not measured the impact of the varying protein content and amino acid composition might well have been large as was shown by Bogunjoko et al. (1983) for the absorption of ferritin. It is not possible at the present time to know the contribution made by either protein or amino acid levels to the absorption of the total Fe from the various forms of Fe present in meat and further work is necessary to measure this.
In agreement with the results of Bogunjoko et al. (1983) for chicken, cooking was found to decrease significantly the in vitro 59Fe solubility and in vivo absorption of 59Fe from pigeon meat. Jacobs & Greenman (1969) had earlier shown that the amount of soluble Fe was reduced after peptic digestion of cooked steak and bacon. The decreased solubility and absorption of Fe, as a result of cooking, have been attributed to the denaturation and precipitation of meat haemoproteins which could not be significantly resolubilized by the acidic conditions occurring during peptic digestion. Since heat was also shown to increase non-haem-Fe concentration of pigeon meat, this decreased haem-Fe concentration could also negatively affect Fe absorption. In addition, the possibility of reduced protein digestibility on cooking (Bender, 1972) could lead to decreased peptides and amino acids released on early digestion which might reduce the formation of low-molecular-weight Fe chelates which are normally very well absorbed (Hazell et al. 1978) .
In the raw (uncooked) state the haemoproteins, especially in the meat environment, are the highly available forms of all the Fe compounds in meat (Martinez-Torres & Layrisse, 1971 ; Hazell et al. 1981 j. It would therefore be expected that the higher the concentration of haemoproteins in meat, the higher the solubility and absorption of its total Fe in the uncooked state. This was the observation in the present study, in which both in vitro 59Fe solubility and in vivo 59Fe absorption from pigeon meat (containing a significantly higher proportion of haemoproteins) were higher than that from raw chicken meat (Bogunjoko et al. 1983 ).
The increased Fe absorption from meats with high concentrations of haemoproteins does not, however, appear to show any simple mathematical relation between absorption and haemoprotein content. The higher protein:Fe value in raw meat as compared with the soluble extract may well favour improved Fe absorption by increasing the levels of low-molecular-weight non-haem-Fe compounds produced and thereby facilitating their absorption (Hazell et al. 1981) .
The in vitro method used in the present work made use of sodium bicarbonate in the solid form for neutralization. The use of sodium bicarbonate in place of sodium hyroxide has advantages in being more physiological but some authors have criticized its use in the solid form because of the possible formation of local pockets of high pH during mixing and subsequent precipitation of Fe(0H j3.
In the present work large decreases in Fe solubility were seen both with raw and cooked meat (Table 4 ) but reproducibility was good and there was evidence for improved solubility of Fe during 'pancreatic' digestion. In all cases, however, the percentage Fe solubility consistently overestimated percentage Fe absorption in Fe-replete rats in whom the demand for Fe is low. There is, however, much better agreement quantitatively between in vitro Fe solubility and Fe absorption in Fe-deficient rats in whom the demand for Fe is much greater (R. J. Neale, unpublished results).
The high-molecular-weight Fe compounds (haemosiderin and ferritin) both showed low 59Fe absorption, in agreement with earlier work. The extent of in vivo degradation of these proteins was not, however, measured and the form in which the Fe was absorbed from these compounds is not known. Addition of extra protein to ferritin does, however, result in marked improvement in Fe absorption (Bogunjoko e l al. 1983) . Cooking liver resulted in increased Fe absorption, an effect similar to that described by Naish et al. (1974) in rats. These workers explained the cooking effect on liver as being due to an increased concentration of low-molecular-weight Fe compounds which facilitated Fe absorption.
From this discussion it is clear that differences in the nature and composition of Fe compounds in meat and the effects of processing will affect overall meat-Fe absorption in vivo but the magnitude of the cooking effect would appear to be of greatest significance. The Fe-absorption results in the present study should be considered in the light of recent publications showing varying levels of Fe retention in rats given whole wheat flour or basal diets containing varying Fe levels (Fairweather-Tait & Wright, 1984) . The Fe-replete rats used in the present study had been fed for a number of weeks on a stock diet containing 309 mg Fe/kg before overnight fasting and dosing with the various meat test meals. At these high levels of dietary Fe, rats retain much smaller doses of Fe from wheat than at lower levels of dietary Fe (7 mg/kg). It is therefore conceivable that rats given lower dietary Fe levels would absorb and retain greater quantities of Fe from meat as they do with wheat. Further studies are in progress in this laboratory to investigate this effect.
